The current transport in polycrystalline MgB 2 is strongly influenced by the intrinsic anisotropy of this superconductor. Untextured bulks and wires are macroscopically isotropic, but the grains retain their anisotropic properties and the field dependence of the critical currents is much stronger than in isotropic superconductors. Weakly or partially textured tapes are macroscopically anisotropic, but the anisotropy of the zero resistivity (or irreversibility) field is smaller than the intrinsic upper critical field anisotropy, γ. The J c -anisotropy is field and temperature dependent and can be much larger than γ. The most suitable parameter for the quantification of the macroscopic anisotropy is, therefore, the anisotropy of the zero resistivity field. It is difficult to distinguish between a higher degree of texture at a lower intrinsic anisotropy and a weaker texture at higher anisotropy and hardly possible based on the field dependence of the critical current anisotropy alone. The knowledge of the upper critical field is crucial and angular resolved measurements of either the critical currents or, better, the resistive in-field transitions are favorable for this purpose.
B c2 , which in turn leads to a much stronger field dependence of the critical current than in isotropic materials 14 . The Kramer plot is no longer linear near the irreversibility field and the peak of the volume pinning force shifts to significantly lower fields 15 . Large critical current densities of the order of 5 × 10 8 Am −2 can be expected only up to 16 B c c2 = B ab c2 /γ, since only highly percolative currents flow on a macroscopic length scale at higher fields. B ab c2
and B c c2 denote the upper critical field, when the field is applied parallel and perpendicular to the boron planes, respectively. B ab c2 is around 14 T at 0 K in clean MgB 2 and determines the upper critical field in untextured polycrystalline samples 16 , if defined by a typical onset criterion (e.g. our definition in Sec. III). B c c2 is not easily accessible in polycrystalline MgB 2 and only about 3 T at 0 K in the clean limit [9] [10] [11] [12] , which strongly restricts the field range for applications. Fortunately, B ab c2 (and the upper critical field in polycrystalline samples) can be enhanced by impurity scattering [17] [18] [19] , which also reduces γ 9, 20 . Both changes enhance B c c2 at low temperatures, which is good for applications. Impurity scattering is less effective in improving the properties at high temperatures, since it decreases the transition temperature 21 and this change offsets the other beneficial effects. Texturing the material might, therefore, be an interesting alternative for optimizing the material for application at higher temperatures and fields. It increases the in-field critical currents for one orientation at the expense of decreasing them in the other main orientation 22 . Texture is therefore only beneficial, if the tape is operated in or near the favorable orientation, which generally complicates the design of devices, but is certainly feasible in superconducting magnets.
Only weak texture was achieved in MgB 2 tapes so far, with the c-axis oriented preferentially perpendicular to the tape. The average misalignment angle of the c-axis from the tape normal was found to be rather high 5,23 (above 20
• ) compared to highly textured materials (a few degrees only).
Weak texture is a unique property of some MgB 2 tapes, since the strongly anisotropic cuprate superconductors have to be highly textured for high intergranular currents 24,25 leading to a pronounced J c -anisotropy. NbTi and Nb 3 Sn on the other hand are isotropic superconductors, thus (weak) texture is not expected to influence the properties of wires or tapes. In this report the influence of weak texture on the macroscopic current transport in MgB 2 will be discussed and the resulting behavior compared to the limiting cases of zero or perfect texture.
II. THE MODEL
A general model for nonlinear transport in heterogeneous media was presented in
Ref.
14. The critical current was obtained by integrating the percolation cross section, 
but contributions of point pins were also reported 33, 34 . b denotes the magnetic field normalized by the (angular dependent) upper critical field of the grain. Finally, the anisotropic scaling approach 35 was used to model the angular dependence of the local critical currents.
Note that we already had to make four approximations/assumptions (p c , t, pinning model, anisotropic scaling), which influence the field dependence of J c independently of the degree of texture.
Texture is a modification of the distribution function of the grains' orientation. For uniaxial texture and the present geometry (preferred c-axis orientation perpendicular to the tape), the density of grains with a certain orientation only depends on the angle α between the tape normal and the c-axis of the grains. The corresponding distribution function is a priori unknown. A Gaussian-like exponential function
was chosen, which was confirmed by high energy synchrotron x-ray diffraction measurements 23 . Since α is restricted to [0, 90 • ], the density distribution function has to be renormalized numerically 22 and is formally not a true Gaussian distribution. This implies that α t is no longer the standard deviation of the distribution or an average misalignment angle, which are restricted to angles below 90
• , but only a parameter which characterizes the decrease of the density distribution function between 0 and 90 • and, therefore, the degree of texture. α t converges to zero in the limit of perfect texture and diverges in untextured materials (f a becomes constant between 0 and 90
Only a few quantitative data about texture in MgB 2 tapes exist in the literature, varying between 20
• and 30 
III. RESULTS AND DISCUSSION
At first we focus on the anisotropy of the zero resistivity (irreversibility) field B ρ=0 . This quantity is less model dependent than J c . It is independent of the pinning mechanism, the transport exponent and anisotropic scaling. Only the angular dependence of the upper critical field has to be known. Good agreement with the theoretical prediction of the anisotropic Ginzburg Landau theory 36 ,
was demonstrated 10, 13, 37, 38 . It was shown in Ref. 16 , that B ρ=0 in untextured materials is given by The upper critical field is less sensitive to texture than B ρ=0 (cf. Fig. 1) . B c2 was normalized by B ab c2 (b c2 := B c2 /B ab c2 ) and refers to the onset of the superconducting transition.
Texture enhances B ρ=0 (compared to the prediction of Equ. 3 for untextured MgB 2 ), when the field is oriented parallel to the tape (B ρ=0 , top panel in Fig. 1 ), but reduces The upper critical field is less sensitive to texture than B ρ=0 , as demonstrated for γ = 4
in Fig. 2 . The data roughly correspond to a 90% resistive criterion, since a fraction of 2.5% superconducting grains was assumed for the calculations. If, say, 25% superconducting grains were needed for zero resistivity (p c = 0.25), around 2.5% should be enough to lower the resistivity by 10%. This definition (2.5% superconducting grains) will be used for the (angular dependent) upper critical field, B c2 , in the following. (Henceforth B c2 (θ t ) always denotes this macroscopic upper critical and not the intrinsic B c2 (θ) (Equ. 2) within the grains.) The upper critical field is nearly independent of texture, if the field is applied parallel to the tape. This is why the onset of the transition always corresponds to B ab c2 in untextured materials. A significant anisotropy of the upper critical field is observed only for α t below about 45
• . The anisotropy of the upper critical field is only 1.4, while γ ρ=0 is 2.4 at α t = 30
• .
The upper critical field and its anisotropy are much more sensitive to the chosen criterion than B ρ=0 and γ ρ=0 . Therefore, and because of the field and temperature dependence of the The increase of B ρ=0 in parallel orientation as well as the decrease in perpendicular orientation (compared to untextured materials) lead to a weaker and stronger field dependence of the critical currents, respectively (Fig. 4) . While J c converges to the limiting behaviour of perfect texture (α t = 0 • ) rather quickly in the perpendicular orientation, it remains significantly below its limit in the parallel orientation, even for a high degree of texture (α t = 5 • ).
However, for a typical texture of α t = 20-30
•5,23 , a quite significant enhancement beyond untextured materials can be expected at B = B ab c2 /2 in the parallel orientation. Next we consider the influence of different combinations of γ and α t , which lead to the same γ ρ=0 = 2.4, on the field dependence of J c (Fig. 5) . Although the results are slightly changed, the differences are not sufficient to derive these two parameters from J c (B) alone, since they are also influenced by the usually unknown percolation threshold, the transport The anisotropy of the critical current is strongly field dependent (inset in Fig. 5 ) and diverges at B ⊥ ρ=0 (B ρ=0 in orthogonal orientation). At fixed reduced field, B/B ρ=0 , it is not very sensitive to changes of the parameters, as long as the B ρ=0 -anisotropy is kept constant and is, therefore, also not appropriate for a (simultaneous) determination of γ and α t . Since the field dependence of the critical current anisotropy scales with the upper critical field, the critical current anisotropy is also temperature dependent, because the reduced magnetic field increases with temperature at fixed magnetic field (B c2 decreases).
The angular dependence of J c is presented in Fig. 6 . The same combinations of γ and α t as for the field dependence of J c were used. Data at the same reduced field, b = B/B ρ=0 are compared. The differences between γ = 4 and γ = 5 are small, but the curve for γ = 3 differs more significantly, which favors the analysis of texture from angular resolved measurements of J c . However, the higher degree of modeling (pinning mechanism, percolation cross section, anisotropic scaling) renders this procedure less reliable than measurements of the resistive transitions (without sheath) at various angles.
The data in Fig. 6 can be fitted to the behaviour predicted by the anisotropic scaling approach 35 for perfectly textured materials, with B c2 and γ as free parameters (not shown in Fig. 6 ). However, the obtained parameters do not have any physical meaning, because they change with field and strongly underestimate the real B ρ=0 (< B c2 ) and γ ρ=0 (< γ).
IV. CONCLUSIONS
The influence of homogeneous weak texture on the macroscopic currents in MgB 2 was investigated on the basis of a percolation model for nonlinear transport in heterogeneous media. While any texture leads to an anisotropy of the zero resistivity field, the occurrence of a macroscopic upper critical field anisotropy (onset of the superconducting transition) indicates a significant degree of texture. Although the calculations were based on the anisotropic scaling approach for the intrinsic properties, the angular dependence of the macroscopic quantities (i.e., critical current, zero resistivity field, and upper critical field)
do not obey the predictions of this general scaling in weakly textured materials, even if an effective instead of the intrinsic anisotropy is assumed.
It is hardly possible to derive the degree of texture and the intrinsic anisotropy from the field dependence of the critical current, in particular, if the upper critical field is unknown.
Angular resolved measurements of the resistive transition turn out to be more appropriate for this purpose, but usually require the removal of the sheath.
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